A microbial fuel cell (MFC) with an algae-assisted cathode is a low-cost and sustainable way to provide the oxygen for the oxygen reduction reaction. The anode was with anaerobic microorganism, a kind of photosynthetic bacteria (PSB-B). An algae bioreactor was connected to cathode microbial fuel cells to increase power generation by supplying more oxygen to cathode electrode. In this study, we used red, blue and white LED light as the light source, and the anode and cathode were under irradiation respectively. The result showed that white LED light was an effective factor for the anode, the cell voltage was built up from 34 mv to 60 mv, power density increased up to 2.5 mW/m 2 , the red and blue light had positive impact on the voltage. At cathode, the voltage was almost on steady stage conditions, and it was fluctuated around 35 mv by oxygen bubbles that were produced by algae. This relatively simple method increased the oxygen reduction rate at a low cost and could be applied to improve the performance of MFC.
Introduction
Electricity generation with the bacteria as catalyst the MFC anode is a special, environmental way. It was a kind of bioelectrochemical system that can generate electricity by active bacteria [1] . A sediment microbial fuel cell has the advantage of maintenance-free operation, long-term power generation as a power source [2] . Although the MFC concept has been known for a long time, the technology is still at an early research stage [3] . Currently, the world is confronting with the challenges of high energy demand and higher fuel prices. In order to cope with these challenges, researchers have paid more attention to find sustainable and cost-effective methods of energy production. MFC offers tremendous potential to produce energy in the form of electricity [4] .
MFC is composed of anode and cathode. At anode, electrons are liberated by the organic compounds oxidizing. These electrons move through to the cathode.
At cathode, electrons combine with an electron acceptor. The chemical energy of substrates can be transformed into electrical energy by the metabolic activity of microorganisms. Recently, some researchers have found microbial technology for wastewater nutrients treatment using MFC providing a novel, efficient and cost-effective solution for increasing the concentration of oxygen at the cathode.
The anode chamber was full of a medium containing a synthetic wastewater [5] with the components and concentrations. Therefore, it could also be a promising approach to treat wastewater containing high COD [6] . However, the performance of MFC was affected by many factors, such as anode and cathode materials, substrates, reactor structure and others [1] . In this study, we have proposed to use algae and photosynthetic bacteria biomass as a substrate for high power output. PSB-B was preserved College of Life Science Microbiology Laboratory, Shanxi Normal University. It was separated from the silt in Fen River and identified by 16s rDNA sequence analysis as a kind of Rhodopseudomonas. The PSB-B required light with a certain wavelength for energy production under anaerobic conditions. PSB has been shown to be safe and non-toxic, rich in nutrients featuring unique biological transformation functions. It was being widely studied in renewable energy field because of high efficiency of hydrogen production, and high degradation rate of organic matter [7] . This research used a different signal acquisition system and special software of signal collection. It could show the potential changes during a short period and could help us to discover the little changes and convenient for analysis. The multimeter was not accurate for the tiny cell voltage observation, it could not be observed visually for the change in a short period.
Materials and Methods

Microbial Fuel Cell Configuration and Operation
MFC reactors comprised 11 mL anode chambers and 11 mL cathode chambers, separated by a proton exchange membrane (PEM). In this study, the anode and cathode were irradiated with different light sources severally. The anode was made of carbon cloth. Characteristics of the carbon cloth included thickness of 360 μm, the active area of each material was 14 cm 2 (7 cm 2 × 2) and area of 90 -120 cm 2 /g, served as electrode material [8] . The effective volume of the anodic chamber was 11 mL, using a proton exchange membrane with high ion exchange capacity and low electronic conductivity to separate the electrodes. Both electrodes were connected by an external resistance of 1000 Ω. In anode, the carbon G. Rong, Q. P. Hu 3/7 OALib Journal cloth was an excellent conductor [9] . Carbon cloth coated with Platinum with a surface area of 28 cm 2 was used as cathode. A cube type cathode MFC made of plexiglass with a cover arrangement was used in this study.
Culture of Algae and Microorganism
In the start-up of MFC reactor, anode was filled with bacterial culture suspension of PSB-B. PSB-B was cultured at 35˚C for 3 days. Before packing into the chambers, the carbon cloth electrodes were submerged in 1 N HCl for 24 h, washed with deionized water, then submerged in 1 N NaOH for 24h and finally washed several times in deionized water [11] . Anode was completely submerged by it; copper wires were used for contact with the external circuit [12] . A fix external resistance (1000 Ω) was used to facilitate the comparison of the electricity production in different treatments.
A glass bottle was used as an algae (Spirulina platensis, saved in College of Life Science Cytology Laboratory, Shanxi Normal University) bioreactor with a working volume of 220 mL and 30 mL head space (BG11 medium), the algae was cultured at 25˚C for 15 days (0.8 g/L algae dry biomass).
Data Acquisition
In this study, the MFC reactor was continuously operated at a room temperature of 25˚C. The wavelength of red: 610 -620 nm, blue: 465 -485 nm, white light is a hybrid of light. Here, we used a signal acquisition device (NI USB-6008), it could acquire 1000 signals a second. The input resolution: 12, max sampling rate: 10 kS/s, working voltage: ±10 v. It was connected with the computer and it could record all data conveniently.
Results and Discussion
Effect for Cell Voltage
The anode MFC generated a voltage around 60 mV with suspension of PSB-B at the beginning, there was a potential sliding direction with no light. The FMC could generate electricity during the dark period, algae consume oxygen to oxidize the organic matter previously created to obtain energy. In this way, during the dark period, oxygen is consumed by the respiration of algae and reduction reactions which take place in the cathodic chamber [13] . Power density is another critical indicator that evaluates the MFC system performance [14] . As shown, the highest voltage was about 0.064 v and decreased by twenty percent six hours later. During the light period, algae carry out photosynthesis, using carbon dioxide and light to produce organic matter and biomass, it was a fluctuation and rising curve. The maximum voltage was around 0.6 v in 300 min, it was eighty percent higher than the initial. The pH changed little and as excepted, the cell voltage increased by the oxygen. The only cathode was under light and the illumination intensity was 3500 lux, as shown in Figure 1(a) . The cell voltage reached steady state conditions with no light, but increased under the light. The anode chamber was covered from light to prevent the growth of algae [15] . The more power the MFC generates, the more protons and cations are being transported from the anode to the cathode and thus made accessible for photosynthetic organisms. The result demonstrated that light source had an effect on the cell voltage. This phenomenon indicates that the differences in MFC performance may come from the different wavelengths. Figure 1(b) was about the effect of the cathode, the light source was only for algae, when the light was switched on, the illumination phase started and algae carried out photosynthesis, capturing light and carbon dioxide and releasing oxygen. Thus, it can be observed that dissolved oxygen at the cathode increased and cell voltage also increased [16] . As for photosynthesis, was bubbled into the anodic compartment [17] . These bubbles increased and decreased, at first, the cell voltages of red and white light increased fast, then decreased in one hour. It was fluctuated that oxygen concentrations at the cathode control the overall MFC performance under our operation conditions. This effect was also observed by Strik D.P.B.T.B. et al., who studied a solar energy powered microbial fuel cell.
Effect for Power Density
In Figure 2 , as expected, the overall trend was familiar with the cell voltage. The 
Signal Frequency
In order to analyze the characteristics of the signal, we did a simple signal frequency chart, most of the voltages were distributed under 5 Hz. Therefore, the Figure 3 , the reason might be the photosynthesis of algae that is most active under the red light. In Figure 4 , the stray wave of blue light was weakness than others, the red and blue light were with some regular stray wave signal, but the majority of signals were under a low frequency. The result shows that the electrical signal was continuous and stable.
Conclusion
The microbial fuel cell is a device that converts the chemical energy of organism into electrical energy with the aid of biocatalytic reactions and carried out by microorganisms. The microbial fuel cell with an algae-assisted cathode has been 
